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Deep geometric ideas of Eli Cartan [1] inspired Dmitrij Vasiljevitch Volkov in his investigations of the phenomeno-
logical lagrangians method [2] and in his work at the construction of supersymmetry and supergravity [3,17]. The
Cartan idea on the extension of the connection conception and the introduction of torsion was applied by Dmitrij
Vasiljevitch Volkov in the formulation of minimality principle for the interactions of Goldstone particles with other
fields [5]. His profound intuition at once allowed to assume that the Pauli matricies σµαα˙ play a fundamental role of
the torsion tensor components in zM = (xµ, θαi , θ¯α˙i) superspace.
The Cartan’s geometry naturally emerged in early papers by Scherk and Schwarz [6] on the string theory of
gravitation where the strength Hµν
ρ of the antisymmetric Kalb-Ramond field plays the role of torsion [7]. These and
some other impressive results show ties between superspace torsion and spin.
Here we wish to single out a possibility of an extension of the minimality principle for electromagnetic interactions
of charged and neutral particles having spin 1/2. This possibility is also based on the Cartan’s idea of an extension
of the connection conception.
I.
An extention of the minimality principle can be achieved by the addition of new terms [8,9] to the standard gauge
covariant and supesymmetric derivatives DM of supersymmetric electrodynamics [10]
DM = DM + eAM → ∇M = DM + iµW˜M ≡ DM + e(q)A
(q)
M , (1)
where the additional superfield W˜M (z) is an invariant of the gauge group U(1), e(q)A
(q)
M ≡ eAM + iµW˜M is a new
generalized connection, and the constant µ with the dimension of length (~ = c = 1) has the physical meaning of
anomalous magnetic moment (AMM).
The algebra of the doubly lengthened covariant derivatives ∇M = (∇µ,∇α
i,∇¯α˙i) differs from the algebra of the
standard N -extended supersymmetric derivatives [11]
[DM , DN} = TMN
LDL,
TMN
L = −2iσµ
αβ˙
, for N = 1 SUSY
TMN
L = 2iσµ
αβ˙
δji , for N > 1 SUSY (2)
by the presence of the electromagnetic superfield strength F
(q)
MN
[∇M ,∇N} = TMN
L∇L + e(q)F
(q)
MN . (3)
which takes into account AMM of superparticle and is defined as
e(q)F
(q)
MN ≡ eFMN + iµF
(µ)
MN ,
FMN ≡ DMAN − (−1)
MNDNAM − TMN
RAR,
F
(µ)
MN ≡ DMW˜N − (−1)
MNDNW˜M − TMN
RW˜R. (4)
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Conservation of supersymmetry and U(1) gauge symmetry demands that the superfield W˜M (z) should be an
invariant of these symmetries. Let us look for these invariants in the set of functions which are a linear combination
of the strength components FMN (z) with constant coefficients. The dimensionality reasons, i.e. [W˜µ] = L
−2, [W˜ iα] =
L−3/2, together with the constraints imposed on FMN [10,11] sharply restrict the form of the invariant W˜M . As a
result, the desired spinorial components of W˜M are taken in the form of the product of Fµα
i by the torsion of the flat
superspace W˜α˙i ∼ Fµ
α
jσ
µ
αα˙δ
j
i . In particular, for N = 2 case the expression W˜µ ∼ ∂µFα
i
β
jεαβεij may be taken for
the vector component of W˜µ. Due to the symmetry of Fαβ this expression equals zero for N = 1 case. The desired
representation for the superfield W˜M in N = 1 case has the following form [8,9]
W˜M =WM ≡
i
4
(0,−σµαα˙F
µα˙, σ˜µα˙αFµα). (5)
The uniqueness of the representation (5) arises when taking account of the standard FMN constraints [10]
Fαβ = Fα˙β˙ = 0, (6)
Fαβ˙ = 0. (7)
and the Bianchi identities
CyclMNR(−1)
(MNR)
(
DMFNR − TMN
LAR
)
= 0 (8)
equivalent to the Jacobi identities for the covariant derivatives DM of supersymmetric electrodynamics (SUSY ED)
CyclMNR(−1)
MNR [DM , [DN ,DR}} = 0. (9)
Eqs. (6,7) require that the superfield FMN of N = 1 SUSY ED should be expressed in terms of the spinor chiral
superfields Wα and W¯α˙ [10]
Wα =
i
4
Fµα˙σ˜
µ α˙α, W¯ α˙ = (Wα)∗. (10)
Therefore W˜µ must be constructed of Wα and W¯α˙. Using these superfields one cannot construct the vector superfield
W˜µ having the dimension L
−2. As a result, the desired extension of the minimality principle for N = 1 SUSY ED is
defined by the superfield W˜M (10) having the form
W˜M (z) = (0,Wα, W¯
α˙) (11)
with Wα and W¯α˙ restricted by the chirality and reality conditions [10]
DαW¯α˙ = D¯α˙Wα = D
αWα − D¯α˙W¯
α˙ = 0. (12)
The proof of the uniqueness is completed by the analysis of the Jacobi identities
CyclMNR(−1)
(MNR) [∇M , [∇N ,∇R}} = 0, (13)
which take the form
eCyclMNR(−1)
(MNR)
(
DMFNR − TMN
LFLR
)
+ iµCyclMNR(−1)
(MNR)
(
DMF
(µ)
NR − TMN
LF (µ)LR
)
= 0 (14)
after the substitution of Eqs.(1), (3) and (4) into Eq. (13). The first and the second term in Eq.(14) equal zero by
construction and due to sufficient arbitrariness in the definition of Wα and W¯α˙, respectively
Therefore the extended derivatives (1, 11) satisfy the Bianchi identities and give a solution of the desired problem
of selfconsistent extension of the minimality principle for N = 1 SUSY ED particles with spin 1/2.
The superalgebra (3) of the generalized derivatives ∇M takes the form
[∇µ,∇ν ] = −
e
2
(D¯σ˜µνW¯ −DσµνW ),
[∇µ,∇α] = ieW
βσµβα˙ + iµ∂µWα,
{∇α,∇β} = iµ(DαWβ +DβWα),
{∇α, ∇¯β˙} = −2iσ
µ
αβ˙
∇µ + iµ(DαW¯β˙ + D¯β˙Wα), (15)
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and we observe the noncommutativity effect for the generalized spinor derivatives ∇α.
Due to the considered extension procedure, the action for charged or neutral superparticle in an external electro-
magnetic field gets an additional term which describes the electromagnetic interaction of superparticle taking into
account its AMM
Sint = i
∫
dzMe(q)A
(q)
M = S
(e) + S(µ),
S(e) = ie
∫
dzMAM ,
S(µ) = −µ
∫
dzMW˜M = −µ
∫
dθαWα − µ
∫
dθ¯α˙W¯
α˙. (16)
The component analysis of the action (16) carried out in [8,9] shows that S(µ) term in Eq.(16) generates the nonminimal
Pauli term with the constant µ which may be interpreted as the AMM of Dirac particle measured in values of Bohr
magneton.
In the next section we consider a generalization of the extended minimality principle for the case N = 2.
II.
In the standard N = 2 SUSY ED [12,13] the strength components FMN obey the constraints
F(α
i
β)
j = F(α˙|i|β˙)j = 0, (17)
Fα
i
β˙j = 0. (18)
Together with the Bianchi identities, these constraints permit to express FMN in terms of the scalar chiral superfield
W (z) and W¯ (z) having the dimension L−1 and restricted by the conditions
D¯α˙iW = Dα
iW¯ = 0. (19)
The explicit form of the superfield FMN components is given by the following expressions
Fα
i
β
j = −εαβε
ijW¯ , Fα˙iβ˙j = εα˙β˙εijW,
Fµα
i =
i
4
(σµD¯
i)αW¯ , Fµα˙i = −
i
4
(Diσµ)α˙W,
Fµν =
1
16
(D¯iσ˜µνD¯
i)W¯ +
1
16
(DiσµνDi)W. (20)
In order to construct an extended connection for the N = 2 SUSY ED, we must again use the dimensionality reasones
and look for the required extension in terms of a linear combination of W , W¯ and their covariant derivatives. Then
the required representation for the additional superfield TM (which produces additional term to the connection AM )
may be written in the form
W˜M (z) = TM = (∂µ(bW + b¯W¯ ), aDα
iW, −a¯D¯α˙iW¯ ). (21)
In a way analogous to that used in N = 1 case [8,9] it is convenient to introduce the two-component “charge”
e(q) = (e, iµ) and the superconnection A
(q)
M =
(
AM
TM
)
in the extended “charged” space e(q). Then the doubly lengthened
covariant derivative (3) can be more compactly presented as
∇M = DM + e(q)A
(q)
M . (22)
Then the U(1) gauge invariant superfield action for charged or neutral particles with AMM in an external superfield
of the N = 2 Maxwell supermultiplet takes the form
Sint = S
(e)
int + S
(µ)
int = ie(q)
∫
Γ∗
ωM (dz)A
(q)
M = i
∫
Γ∗
(eωMAM + iµω
MTM ), (23)
where N = 2 Cartan’s differential forms ωM (dz) = (ωµ, ωαi, ω
α˙i) in N = 2 superspace zM are given by [3,11]:
3
ωµ = dxµ − i(dθiσ
µθ¯i) + i(θiσ
µdθ¯i),
ωαi = dθ
α
i, ω¯α˙i = dθ¯α˙i. (24)
The use of the relation
d
dτ
W = ωµτ ∂µW + θ˙
α
iDα
iW + ˙¯θα˙iD¯
α˙iW (25)
allows to present Sint (23) in the equivalent form
Sint = ie
∫
Γ∗
dτωMτ AM + iµ
∫
Γ∗
dτ
(
λ2θ˙
α
iDα
iW + λ¯2
˙¯θα˙iD¯
α˙iW¯
)
. (26)
Following from Eq.(26) is the existence of two physically equivalent ways for the representation of the required
superfield TM :
TM = (∂µ(λ1W + λ¯1W¯ ), 0, 0), (27)
and
TM = (0, −iλ2Dα
iW, iλ¯2D¯
α˙iW¯ ). (28)
Without restricting generality of considerations, we shall use the TM representation in the form
TM = (0, −
1
4
Dα
iW, −
1
4
D¯α˙iW¯ ). (29)
Note that the equivalent representation for TM (29) is the following: TM = (
1
4∂µ(W + W¯ ), 0, 0). Eq.(29) creates the
expressions for the components of N = 2 generalized superfield strength of the Maxwell supermultiplet
e(q)F
(q)
α
i
β
j = eFα
i
β
j = −eεαβε
ijW¯ ,
e(q)F
(q)
α˙iβ˙j = eFα˙iβ˙j = eεα˙β˙εijW,
e(q)F
(q)
α
i
β˙j = eFα
i
β˙j + iµDα
iTβ˙j + iµD¯β˙jTα
i =
1
2
µδij ∂ˆαβ˙(W + W¯ ),
e(q)F
(q)
µα
i = eFµα
i + iµ∂µTα
i = e
i
4
(σµD¯
i)αW¯ −
i
4
µ∂µDα
iW,
e(q)F
(q)
µα˙i = eFµα˙i + iµ∂µTα˙i = −e
i
4
(Diσµ)α˙W −
i
4
µ∂µD¯α˙iW¯ ,
e(q)F
(q)
µν = eFµν =
e
16
(D¯iσ˜µνD¯
i)W¯ +
e
16
(DiσµνDi)W. (30)
As a consequence of Eqs.(30), the algebra of N = 2 doubly lengthened covariant derivatives ∇M takes the form
{∇α
i,∇β
j} = −eεαβε
ijW¯ ,
{∇¯α˙i, ∇¯β˙j} = eεα˙β˙εijW,
{∇α
i, ∇¯β˙j} = 2iσ
µ
αβ˙
δij∇µ +
1
2
µδij ∂ˆαβ˙(W + W¯ ),
[∇µ,∇α
i] = e
i
4
(σµD¯
i)αW¯ −
i
4
µ∂µDα
iW,
[∇µ, ∇¯α˙i] = = −e
i
4
(Diσµ)α˙W −
i
4
µ∂µD¯α˙iW¯ ,
[∇µ,∇ν ] =
e
16
(D¯iσ˜µνD¯
i)W¯ +
e
16
(DiσµνDi)W. (31)
The motin equations of the charged N = 2 superparticle with AMM generated by the action (26) and S0
S = S0 + Sint =
1
2
∫
Γ∗
dτ
[
ωµτ ωτµ
gτ
+ gτm
2
]
+ i
∫
Γ∗
dτ ωMτ e
(q)
A
(q)
M (32)
take the form of the generalized Lorentz equations
(g−1τ ωτµ)˙ = −iω
M
τ e(q)F
(q)
Mµ,
g−1τ ωτµ(σ
µ ˙¯θ
i
)α =
1
2
ωMτ e(q)F
(q)
Mα
i,
g−1τ ωτµ(θ˙iσ
µ)α˙ = −
1
2
ωMτ e(q)F
(q)
Mα˙i. (33)
where F
(q)
Mµ is defined by Eqs.(33).
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III.
The component expansion of the superfield Tα
i depending on the chiral variables has the form analogous to [11]
Tα
i(zL) =
i
4
λα
i(xL) +
1
8
θαkC
ki(xL)−
1
8
θβifβα(xL)−
i
2
(∂ˆθ¯i)αw(xL)−
1
2
(∂ˆθ¯i)α(θjλ
j(xL))
−
1
4
Ξ(2,0)ij(∂ˆλ¯j(xL))α −
1
4
Ξ(2,0)βα(∂ˆλ¯
i(xL))β +
i
8
Ξ(2,0)jk(∂ˆθ¯i)αCjk(xL)
−
i
8
Ξ(2,0)βγ(∂ˆθ¯i)αfβγ(xL) +
1
3
θα
iΞ(2,0)j
i
✷w¯(xL)
+
i
3
Ξ(2,0)γβθ
β
j(∂ˆθ¯
i)α(∂ˆλ¯
j(xL))γ +
i
6
Ξ(4,0)(∂ˆθ¯i)α✷w¯(xL). (34)
The explicit form for the monomials Ξ(m,n) is given in [14].
The physical content of the theory is convenient to analyse in the central base coordinates. In this base the part of
the action (26) which describes the contribution of AMM particle has the form
S
(µ)
int
∣∣∣
photon
= −µ
∫
Γ∗
dτ
(
ωMτ TM (x
µ, θαi, θ¯α˙i)
∣∣∣
photon
)
=
= µ
∫
Γ∗
dτ
[
i(θ˙σµνθ)vµν +
1
2
(θ˙iσ
ν θ¯j)Ξ(2,0)ij∂
µvµν +
1
2
(θ˙iσ
µνθk)(θ
kσρθ¯i)∂ρvµν
−(θ˙σρθ¯)(θσµνθ)∂ρvµν +
i
2
(θ˙iθj)Ξ
(0,2)ij(θσµνθ)✷vµν +
i
2
(θ˙σµνθ)Ξ(2,2)✷vµν
+i(θ˙σµνθ)Ξ(2,2)ρσ∂ρ∂σvµν −
i
2
(θ˙iσ
ρθ¯k)(θ
iσσ θ¯k)(θσµνθ)∂ρ∂σvµν
−
1
2
(θ˙σρθ¯)(θσµνθ)Ξ(2,2)∂ρ✷vµν − (θ˙σ
ρθ¯)(θσµνθ)Ξ(2,2)ση∂ρ∂σ∂ηvµν
+
1
4
(θ˙iσ
ν θ¯j)Ξ(2,2)Ξ(2,0)ij✷∂
µvµν +
1
4
(θ˙iσ
µνθk)(θ
kσρθ¯i)Ξ(2,2)✷∂ρvµν
+
1
2
(θ˙iσ
ν θ¯j)Ξ(2,2)ρσΞ(2,0)ij∂ρ∂σ∂
µvµν +
1
2
(θ˙iσ
µνθk)(θ
kσρθ¯i)Ξ(2,2)ση∂ρ∂σ∂ηvµν + c.c.
]
. (35)
To elucidate the physical meaning of Eq.(34), note that it is a pseudoclassical limit ~ → 0 of field theory. Under
such a consideration the grassmannian spinors θα
i are treated as a limit of the fermionic Fock operators [15–17] bα
i
which describe spin degrees of freedom. Since θα
i have dimensionality L−1/2 and bα
i are choosen dimensionless, they
are connected by the relation √
~
2mc
bα
i → θα
i when ~→ 0, (36)
where ~/mc is the Compton wavelength corresponding to the massive Dirac field quants. Further it is convenient to
pass from θα
i and θ˙α
i having the dimension L
1
2 to a Dirac bispinor Θi
Θi =
(
1
gτ
θ˙α
i
m2θ¯α˙i
)
, Σµν =
i
4
[γµ, γν ], (37)
where γµ are the Dirac matrices. The bispinor Θ
i has the dimension L−
3
2 and is an invariant under the proper time
reparametrization due to the presence of the einbein gτ (32), which has the dimension L
−2 . In the terms of Θi (37)
the action (35) is presented as
S
(µ)
int
∣∣∣
photon
= −µ
∫
Γ∗
(
gτdτ
m2
)[
(Θ¯iΣµνΘ
i)vµν + high order rel. corrections
]
, (38)
where
(
gdτ
m2
)
is a 1-dimensional reparametrization invariant “volume” having the dimension L4. Due to the fact
that the grassmannian bispinor Θi are treated as a pseudoclassical limit of fermionic field operators Ψi [15–17], the
first term in (38) has a sense of a pseudoclassical limit of the Pauli term. The latter describes the electromagnetic
5
interaction of neutral particles possessing the AMM equal µ. This observation explains the physical meaning of the
constant µ.
A possible field theory image of the action (38) can be restored by the substitution which conserves the
reparametrization symmetry and all the dimensions
Θi(τ) → Ψi(x),
gτdτ
m2
→ d4x, (39)
where Ψi(x) has the sense of the field operator of a neutral particle with spin 1/2 possesing the canonical dimensionality
L−
3
2 .
Passing to the photino part of the action and preserving the leading term of the expansion in powers of c−1, we
find
S
(µ)
int
∣∣∣
photino
=−i
µ
4
∫
Γ∗
gτdτ
[
Λ¯RiΘL
i − Θ¯LiΛR
i
]
, (40)
where Λi(LR)
= 1± iγ52 Λ
i, Λi =
(
λα
i
λ¯α˙i
)
is the photino field. The expression (40) is a pseudoclassical image of the
field action
S
(µ)
int
∣∣∣
photino
=−i
µm2
4
∫
dx4
[
Λ¯RiΨL
i − Ψ¯LiΛR
i
]
, (41)
which can be interpreted as a hint for a possible conversion of the massive neutralino ΨiL in to the photino ΛRi with
the coupling constant proportional to the AMM of neutralino.
Note also that supersymmetry, together with the proposed extension of the minimality principle, reproduces rather
complicated, but controlable structure of high-order terms in the expansion with respect to 1/c. This structure
can be restored by the study of the component structure of the extended superfield and the interpretation of Θi as
pseudoclassical images of the spinor fields [8].
Thus, we conclude that the proposed here possibility of a generalization of the minimality principle can be found
helpful for studying possible spin effects in the electromagnetic interaction of charged and neutral fermions predicted
by supersymmetry [18].
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